ABSTRACT. Morphological features of the testicular artery and vein in the spermatic cord of the musk shrew (Suncus murinus) were evaluated by light microscopy, transmission electron microscopy, corrosion cast technique combined with scanning electron microscopy and immunohistochemistry. The vascular architecture in the spermatic cord of the musk shrew was simple. The testicular artery in the musk shrew was straight and accompanied by 1 to 3 branches of testicular vein. The testicular vein was also straight and anastomosed with each other in some points along its length, but it did not form a delicate pampiniform plexus. In the middle and distal portions of the spermatic cord, the tunica adventitia of the artery and vein was joined together to form a single connective tissue septum. Clusters of cells were found in this connective tissue septum in the middle portion of the cord. These cells were located close to the arterial wall and nerve endings, but they did not appear inside of neurium. They showed several typical characteristics similar to Leydig cells, and they were positive for 3β hydroxysteroid dehydrogenase (HSD) antibody. Ultrastructural and immunohistochemical studies also indicated that the cells in cluster found in the vascular wall of the musk shrew spermatic cord may be equivalent to Leydig cells in testes. These extratesticular Leydig cells had characteristics of the active steroid-producing cell and seemed to be another source of testosterone.-KEY WORDS: 3βHSD, Leydig cell, spermatic cord, Suncus murinus.
conventional room at a temperature of 26 ± 2°C and in a relative humidity of 50 ± 5%, and the room was lighted for 12 hr/day. They were provided commercial 7P (5 mm diameter pellet) diet for trout (Nippon Formula Feed MFG Co., Ltd., Yokohama, Japan) and tap water ad libitum. Fifteen adult musk shrews, weighing 35 to 45 g, were used in this study. Under ether and pentobarbital anesthesia (5 mg/100 g body weight, i.p.), the thoracic aorta of each musk shrew was cannulated just above the diaphragm. The blood was washed with Ringer's solution through the cannula followed by fixation with either 3% glutaraldehyde in 0.1 M cacodylate buffer for electron microscopy, or with B o u i n ' s f i x a t i v e f o r l i g h t m i c r o s c o p y a n d immunohistochemistry.
Light microscopy: Three Paraplast-embedded spermatic cords were serially sectioned at 5-7 µm and stained with hematoxylin and eosin.
Transmission electron microscopy (TEM): Ten testes with spermatic cords were used for observation. In each case, the spermatic cord was divided into three (proximal, middle and caudal) portions, equally from the origin to the cranial pole of the testis. The testis and each portion of spermatic cord were excised and cut into smaller blocks (1-2 mm thick), and subsequently fixed in 3% glutaraldehyde in 0.1 M cacodylate buffer for 2 hr. They were rinsed in the same buffer and postfixed in 1% osmium tetroxide for 1.5 hr. The specimens were dehydrated in a graded series of ethanol and embedded in Epon 812 and/or Araldite 6005. Ultrathin A high concentration of testosterone is essential for spermatogenesis in the testis, and for prolongation of the life span of epididymal sperm [16, 23] . In order to maintain high intratesticular testosterone levels, testosterone must be transferred from the pampiniform plexus (testicular vein) to the testicular artery [1, [3] [4] [5] [6] [7] . Thus, the morphological architecture of the pampiniform plexus and testicular artery shows some unique structures, such as a direct A -V shunt between the testicular artery and vein [2, 10, 12, 13, 17, 21] and a venous portal system for the transfer of testosterone to the spermatic cord [20] .
Using light and electron microscopic observations, and immunohistochemistry of 3β hydroxysteroid dehydrogenase (HSD), we attempted to resolve the species-specific morphological modifications of the testicular artery and vein in the musk shrew, a cremasteric scrotal animal. As a result, the present study confirmed the simple vascular architecture of the musk shrew spermatic cord and the existence of extratesticular Leydig cells on the vascular wall in the middle portion of the spermatic cord.
MATERIALS AND METHODS

Animals:
Musk shrews (Suncus murinus) were originally provided by Department of Anatomy, Fujita Health University College, Aichi, Japan and have been bred as a closed colony at Laboratory of Anatomy and Physiology, Nihon University since 1994. Musk shrews were kept in a sections were stained with uranyl acetate and lead citrate to be observed with a JEM-1200EX transmission electron microscope at 80 kV.
Scanning electron microscopy (SEM): Casts prepared by the use of the corrosion cast technique [11, 21] were air dried, mounted on stabs, and coated with platinum-palladium for examination with a Hitachi S-4000 scanning electron microscope at 10 kV.
Immunohistochemistry: Five middle portions of spermatic cords were fixed with Bouin's fixative for 12 hr. They were dehydrated, embedded in Paraplast and cut into 5-7 µm sections. Deparaffinized sections were autoclaved at 121°C for 5 min to retrieve antigenicity, blocked with 5% normal goat serum for 30 min and incubated with anti-3βHSD (polyclonal antibody against human placental 3βHSD, provided by Dr. J. I. Mason) overnight at 4°C. After washing with peroxidase-conjugated goat IgG to rabbit immunoglobulin for 1 hr, they were then washed in PBS and incubated with diaminobenzidine color development solution.
RESULTS
Gross and SEM observations:
Each musk shrew testis was located in the cremasteric scrotum. An epididymal fat pad surrounded the testis and its spermatic cord. The testicular artery in each musk shrew arose from the abdominal aorta slightly below the origin of the renal artery. From the origin to the cranial pole of the testis, the testicular artery almost ran straight with a slight convolution (Fig. 1) . In the proximal portion of the spermatic cord, the testicular artery ran separately from the testicular vein, while in the middle and distal portions, the artery was accompanied by 1 to 3 branches of the testicular vein (Fig. 1) . The testicular vein also ran straight and made some anastomoses with its counterpart along its length, but did not form a delicate pampiniform plexus network (Fig. 1) .
Light and electron microscopic observations: The testicular artery, small and muscular, possessed the tunica media consisting of 2 to 4 layers of smooth muscle cells, whereas the tunica media of the testicular vein was composed of a single smooth muscle cell layer. In the middle and distal portions of the cord, the tunica adventitia of the artery and vein were thin and joined together to form a single connective tissue septum. Mast cells, lymphatic vessels and abundant nerve fibers and nerve endings were widely distributed in the connective tissue septum. Several clusters of cells were found in the connective tissue septum in the middle portion of the spermatic cord. Although each cluster of cells, containing 2 to 6 cells, was localized close to the arterial walls, nerve fibers and nerve endings (Figs. 2,  3 ), no cells infiltrated inside the nerve fibers. The most abundant organelles found in the cell were smooth endoplasmic reticulum, lipid droplet with various sizes and numbers, mitochondria and lipofuscin pigment granules (residual bodies) (Figs. 4, 5) . Mitochondria often showed tubular cristae, and a small patch of rough endoplasmic reticulum also occurred. The nucleus of the cell was large, round or oval in shape and it contained 2 to 3 nucleoli. Heterochromatin was located mostly as a thin rim at the periphery of the nucleus (Fig. 4) . The spermatogonia, spermatocytes, spermatids, Sertoli cells and Leydig cells revealed no notable features compared to those in other mammalian species (Figs. 6, 7) . The cells in cluster had the same morphological features and positive staining as 3βHSD with Leydig cells in the testis (Figs. 8, 9 ).
DISCUSSION
A countercurrent system occurs between the testicular artery and vein. The testicular artery and vein modified their structures in some degrees to suit the countercurrent system in this area and varied slightly among species. Some of these modified structures, such as the convoluted arteries and reduced vascular walls achieved by sharing a common tunica adventitia, were generally found in mammals with the testis located in a scrotum [17] . The other structural modifications, such as the presence of a venous portal system in the bull and boar [2, 10, 20] , a direct arteriovenous connection between testicular artery and vein in the tree shrew and the squirrel [17, 21] , were considered to be species-specific modifications. These modifications would make the countercurrent transfer in this area more effective. In this study, the testicular artery of the musk shrew appeared straight and mostly free from the veins. These results agreed with previous reports that the testicular artery in the mammalian inguinal testis was slightly more convoluted than that in the scrotal testis [9] . In addition, the testicular veins of the musk shrew made some anastomoses with their counterparts along their length and did not form a delicate pampiniform plexus network as in other mammals [17, [19] [20] [21] . These vascular morphological data suggested that the musk shrew has a simple architecture of the testicular artery and vein.
Extratesticular Leydig cells found in the spermatic cord of musk shrews probably appear in other cremasteric scrotal animals. It may be one of the species-specific modification for suitable countercurrent transfer in this area. In other mammalian species, the existence of Leydig cells in the regions other than interstitium has also been reported, such as the intratesticular existence in the lamina propria of the seminiferous tubule [22] and among ductuli efferentes [15] , and the extratesticular existence in the spermatic cord outside [8] . These extratesticular Leydig cells infiltrate into the nerve fiber [14] or exist around it [8] . Peters suggested that extratesticular Leydig cells might serve as substitutes for the Leydig cells in the testis as is the case after orchidectomy [14] . In this study, the cells in cluster found in the spermatic cord of the musk shrew showed typical morphological characteristics and positive 3βHSD staining as testicular Leydig cells, which strongly indicated that the cells in cluster might be equivalent to testicular Leydig cells. Leydig cells also existed outside the testis. This is the first evidence that demonstrates the existence of extratesticular Leydig cells by ultrastructural observations combinated with immunohistochemistry. In addition, extratesticular Leydig cells in this region showed the characteristics of active cells, such as the positive 3βHSD staining and abundant sER. Therefore, it may be proposed that the cells may serve to produce testosterone as do testicular Leydig cells. Testosterone secreted from extratesticular Leydig cells may enter the adjacent arterial flow, a part of which reaches the epididymis through the epididymal artery [18] . The epididymal sperm are known to require a high concentration of testosterone for maintaining their viability [16, 23] . It is therefore very probable that the epididymis is the primary target organ of testosterone which is secreted from the Leydig cells within the spermatic cord in the musk shrew. 
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